
Project goal: 

To provide the public and deci ion 
maker with objective information about 
the location and characteri ti of land 
natural aggregate, water, and energy 
resourc that are vital to u taining an 
area and it infra tructure. 

What is the Front Range 
Infrastructure Resources project? 

Infra tructure con truction and mainte
nance are critical to a community's 
vitality. Developing and maintaining the 
infra tructure, such a roads, building , 
and airports, requ ire large amounts of 
three natural re ource : aggregate 
(primarily cru hed tone, sand, and 
gravel), water and energy. A urban 
area expand, local sources for these 
re ource are depleted, and the resource 
become inacce ible or more co tly to 
recover. 

Between 1991 and 1997, Colorado was 
the Nation 's fifth fa test growing State. 
Most of the new growth occurred along 
the Colorado Front Range, from the 
eastern foothi lls of the Rocky Mountains 
to the edge of the Great Plains. Rapid 
population growth has re ulted in 
inadequate or deteriorating infra true
lures in many Front Range communitie . 
For example, because of local hortages, 
one-fifth of the construction aggregate 
u ed in building Denver International 
Airport had to be hipped approximately 
100 miles from Wyoming. Aggregate 
costs were 16 to 20 percent of the total 
cost of thi multibillion dollar 
con truction project. 

The U.S. Geological Survey 's (USGS) 
Front Range Infra tructure Resources 
project (FRIRP) i a multidi ciplinary 
research project that includes biologists, 
geologists, hydrologists, and geogra
phers. The project i evaluati ng the 
region' infra tructure resource ; it is 
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Figure 1. Project study area . 

al o identifying i ue that may affect 
re ource availability and providing 
deci sion-making tools to evaluate 
alternate methods for su taining 
infrastructure resource . A regional 
inventory of aggregate, water, and energy 
resource will define the potential and 
limitations of these ba ic phy ical 
resource . Studies will relate resource 
inventories to resource model and 
availability, and will relate resource 
extraction to potential impacts on the 
environment. Geographic integration of 
data (geospatial databases) will provide 
an interactive tool to help takeholders 
and collaborator in the Colorado Front 
Range make informed decision . 

The project, which began on October 1, 
1996, is now focused on a demon tration 
area in the northern Colorado Front 

Range urban corridor. The demon tration 
area include mo t of the Denver metro
politan area and the rapidly growing 
area to the north in we tern Adam 
County, ea tern Boulder County, outh
ea tern Larimer County, and outhwe tern 
Weld County. Sub equent tudie will 
expand the area to the entire Rocky 
Mountain Front Range urban corridor 
(from Cheyenne Wyoming, to Pueblo, 
Colorado) ( ee fig. 1.) Project cientists 
interact clo ely with take-holder and 
cooperator along the Front Range, 
including State and local agencies and 
producer and u er of infrastructure 
re ources, to en ure that the project 
focu e on the i sue of the highest 
priority. 

What studies are included in the 
project? 

Minerals 

Aggregate- sand , gravel, and crushed 
tone- is u ed in every a pect of 

building and maintaining an urban area. 
Aggregate i used in concrete for 
building , bridges, airport , and 
highway and in a phalt for highways. 
By the year 2000, Colorado will 
consume over 52 million ton of 
aggregate per year or more than 12 tons 
per per on per year! A part of the 
FRIRP, the SGS i conducting tudie 
to locate aggregate resources and 
determine the appropriate use for each 
resource. 

The two primary ource of aggregate in 
Colorado are and and gravel depo it 
along river or streams and certain types 
of bedrock found in the foothill and 
mountain . Model s of sand and gravel 
depo its relate phy. ical and compo itional 
characteri tic to re ource quality and 
quantity and to potential impact on 
natural sy terns from mining the 
deposi t . Five characteri tic help 
determine the mo t appropriate u e for 
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aggt((gate .mate)iials-hardness, strength, 
stability, durability, and chemistry. Is the 
aggregate material hard and resistant to 
breakdown from handling and abrasion? 
Is the material strong and able to 
withstand the weight of the load it must 
carry? Is the material sound and durable 
and resistant to wetting and drying, 
freezing and thawing? Finally, is the 
material chemically reactive? Some 
rocks are reactive when used in portland 
cement concrete; others have electro
chemical properties that cause asphalt to 
adhere poorly to the aggregate. 

USGS scientists are also documenting 
how construction, land use zoning, 
regulations, and citizen opposition to 
mining affect the availability of 
aggregate resources. They will examine 
factors that limit the availability of 
aggregate resources, such as quality, 
historic uses, competing land use, and 
environmental restrictions (fig. 2). Also, 
analyses of aggregate availability must 
take into account the specifications for 
use that determine the quality of 
aggregate required for particular jobs. 

Water 

Bedrock aquifers are a vital source of 
water for the Denver metropolitan area 
and much of eastern Colorado. Ground 
water is an infrastructure resource that is 
present in shallow aquifers and deeper 
bedrock aquifers in much of the 
demonstration area of the FRIRP. 
Mapping the area's ground water 
resources was undertaken in this project 
in cooperation with the Colorado 
Department of Natural Resource's 
Division of Water Resources and the 
Colorado Water Conservation Board. 

The Laramie-Fox Hills aquifer, which 
extends through a 6,700-square-mile area 
of the Denver Basin (primarily to the 
north, east, and south of Denver) is the 
lowermost and largest of four bedrock 
aquifers in the basin. The four bedrock 
aquifers lie one on top of another much 
like a stack of pancakes, with the largest 
pancake on the bottom and the smallest 
pancake on the top. More drinking water 
is pumped from these aquifers by 
municipal and domestic wells than from 
any other aquifers in Colorado. 

Figure 2. New residential development (foreground) adjacent to agriculture and gravel extraction (background). 

An area west of Golden from Clear 
Creek to the present-day Jefferson 
County Center is one of Colorado's 
earliest examples of the need for the type 
of information being produced by the 
FRIRP. In this small area during the late 
1800's, urban growth in Golden was in 
conflict with the mining of energy (coal) 
and mineral (clay) resources, and the 
resulting land use (mining) affected 
biological resources by eliminating 
habitat and water resources by 
decreasing aquifer recharge. It is 
doubtful that planning for the 
development of infrastructure resources 
and urban areas was an important 
consideration in the late 1800's. If it had 
been, perhaps the consequences of 
mining (scars, rubble) would not be as 
apparent 100 years later. 

Development of one infrastructure 
resource sometimes conflicts with 
another infrastructure resource. For 
example, if aggregate is mined from the 
alluvium (sand and gravels deposited by 
the rivers), ground water flow in that part 
of the alluvial aquifer is disrupted. If the 
aquifer is protected and water is pumped 
from it, aggregate cannot be mined. In a 
few parts of the metropolitan area, the 
conflict between mining aggregate and 
retaining natural flow within the aquifer 
has been partly resolved by drilling water 
wells on berms between flooded gravel 
pits and pumping the ground water, 
which is readily replenished by water 
from the adjacent pits. This can be 
preferable to pumping directly from the 
pits because the ground water requires 

less treatment for human consumption. 
Thus, both mineral and water resources 
can be extracted with proper planning. 

Energy 

Much of the oil and gas used within the 
Front Range is extracted from the 
Wattenberg field, north of Denver 
(fig. 3). Gas and oil are extracted from 
sedimentary rocks that are deeply buried. 
The FRIRP is assessing the potential 
quantity of petroleum reserves, how 
faulting is affecting gas production, 
likely locations for future oil and gas 
development, and the impact of 
petroleum extraction on land use. The 
Wattenberg field has had intensive 
drilling in recent years. For example, in 
1994, 80 percent of the wells drilled in 
Colorado were in the Wattenberg field, 
mostly in Weld County. Although there 
has been and will continue to be keen 
interest in the oil and gas resources of 
the region, urbanization occurring within 
the Front Range has already cut off some 
of the petroleum resources from future 
development. This is especially apparent 
in Greeley, which has banned drilling 
within the city limits. 

Development of oil and gas resources 
can also conflict with the development of 
aggregate resources. Thousands of oil 
and gas wells already exist in the Front 
Range, and many of these wells were 
drilled in areas containing aggregate. 
Thus, any future development of 
aggregate will be restricted by the 
existence of oil and gas wells, which 



Figure 3. Gas well in Watttenberg field. 

re ults in partiallo of one resource (for 
example, aggregate) by development of 
another (for example, oil and gas). 
Although coal i no longer mined in the 
tudy area, the USGS, in cooperation 

with the Colorado Geological Survey, i 
compiling digital flle of the location 
and depth of former coal mine . 

Biology 

Biological re ource are of interest to the 
FRIRP becau e of potential conflict 
with th.e development of energy, mineral, 
and water re ource . Riparian ( tream-
ide) communities in particular are a 

focal point for conflicting societal 
demand . The cottonwood , willows, 
and herbaceou under torie making up 
the e com.rnunitie are tructurally 
complex compared to the urrounding 
land cape and upport diver e as em
blage of mammal , bird , reptile , and 
amphibian . However, riparian area are 
al o primary ite for water development, 
agriculture, grazing, and and gravel 
mining, and recreation, each of which 
may preclude other u e . A pecie of 
particular intere t in this regard i the 
Preble' meadow jumping mou e (fig. 4), 
which the Federal Government recently 
li ted a threatened; the mou e live 
primarily in heavily vegetated riparian 
habitat . Habitat lo and degradation 
cau ed by agri ultural, re idential, 
commercial, and indu trial development 
are believed to imperil the continued 
exi tence of thi pecie . The FRIRP in 
cooperati n with the Colorado Divi ion 
of Wildlife, i inve tigating the habitat 
need of the m u e and the potential for 
conflict with activitie uch a and and 
gravel extraction. By b tter under tanding 
the need of the p cie , we may b able 
to cla ify habitat ace rding to their 

potential to upp rt the mou e thu 
fo u ing concern in appropriate ar 
and perhap eve develop reclamation 
technique to b nefit the pecies. Th 
FRIRP i al o inve tigating way of 
re toring other riparian habitats and 
methods for controlling unde irable 
exotic peci uch a alt cedar that 
often invade the e riparian communities. 

land characterization 

People have a profound impact on th. 
environment Under tanding the makeup 
of the land cape, how it h changed, 
and how it might continue to change i 
important in the urban environment. 
Urbanization agricultural intensification, 
re ource extraction, and water re ource 
development are example of human
induced phenomena that have ignificant 
impact on people the economy, and 
resources. The FRIRP i identifying 
tho e critical componen that define the 
landscape and i inve tigating and 
developing model to characterize and 
de cribe the land and urban growth. The 
land cape of the United State i 
con tantly changing. The type , timing, 
cau e , extent, and impact of change 
vary from place to place. Local change 
in land u e can have effect that ripple 
throughout a larger regi n. 

The combined data re ource of the 
project will yield credible and compre
hen ive in ight into the character and 
impact of land u e change, in ights that 
can contribute to balancing economic 
growth with environmental protection. 

A temporal database documenting urban 
land tran formation can be u ed by urban 
and region planner policy and 
deci ion maker , and earth cienti ts to 
measure trend in urban prawl, analyze 
pattern of water pollution and edimen
tation, under tand the effect of develop
ment on eco y tern , and develop 
predictive modeling techniques to better 
forecast future area of urban growth. 

Database development 

E ential for the project i temporally 
con i tent databa e framework on which 
all the other layer generated by the 
pr ~ect scienti t will be placed. The 
exi ting base cartographic data for the 

Figure 4. Preble's meadow jumping mouse. 

tudy area rang in time fr m the 950 
to the 1990 , which m it difficult to 
p rtray the r gi n accurately. The 
revi ion of the b cartographi lay 
( tran p rtati n n tw r , urfa 
hydrography admini trative b undari 
manmade tru tur ) will b d n with 
1996-97 image . The fram w rk will 
al o include data n el ati n, lop 
a pect, town hip and urvey ti n 
(Public Land Survey Sy tern), land u 
and land cover, oil and geol gi 
tructure. Hi t rical land u e an land 

cover and maj r tran p rtati n n tw rk 
data layers (1930 1950' , 1970' ) will 
be u ed to gain an under tanding f the 
growth of the regi n and the pa t u e f 
natural re ource . 

The USGS i preparing the proje t data 
in digital£ rmat that it can u ed in 
geographic inf rmation y t m (GIS) 
and deci ion upp rt y te t h lp 
planner make timely and informed 
deci i n regarding future devel pm nt. 

Decision support system 

Deci ion regarding land and re ource 
are complex and emoti nal , ften 
re uJting in charged debate and 
di cu ion . A traditional way to identify 
the site and create plan for land ca 
alteration i to diagram or map the 
propo ed change. Alth ugh thi i very 
helpful to decisionmaker , it doe not 
often pre ent the complete impact of the 
change. What i urrounding or 
underneath the area may not be taken 
into account nor clearly portrayed. AI o, 
different partie have their own idea and 
interpretation of change. To aid deci ion 
maker in thi complex proce s, the 
FRIRP i developing a Group Spatial 
Deci ion Support Sy tern (GSDSS ). The 
y tern combine interactive meeting 



oftware with patial data layer . The 
y tern incorporates the project' natural 

re ource information with ocioeconomic 
data from planning departmen , and o 
on. In a group meeting, uch as a 
planning board or citizen meeting, the 
GSDSS allow each member of the 
group to create and compare cenario 
with tho e of other members. A igning 
level of importance to the different data 
layer is al o po ible. Each interactive 
cenario outline a region of intere t, 
uch a a potential open- pace park or 
ingle-family development. U ing thi 

region of intere t and the collected data 
layer , the GSDSS determine overlap 
and create reports about natural and 
biological re ource , as well as providing 
pertinent land characterization and 
ocioeconomic information. Comparing 

and modifying the e cenarios with 
group-defmed prioritie hould help 
people with different intere ts reach a 
con en u . 

Information 

For more information on the project vi it 
our web i te at 
http://web erver.cr.u g .gov/frirp/ 
FRIRP.htm 

For more information on the individual 
aspects of the project contact any of the 
following: 

Aggregate Re ource : 
Bill Langer 
Phone: 303-236-1249 
E-mail: blanger@u g .gov 

Biological Resources: 
Butch Roelle 
Phone: 970-226-9435 
E-mail: butch_roelle@u g .gov 

Energy Resource : 
Fishman 
Phone: 303-236-1542 
E-mail: nfi hman@u g .gov 

Geographic Re ources: 
Carol Mladinich 
Phone: 303-202-4313 
E-mail: c mladinich@usg .gov 

Geologic Mapping: 
David Moore 
Phone: 303-236-1271 
E-mail: dwmoore@u g .gov 

Geologic Remote Sen ing: 
Eric Livo 
Phone: 303-236-1388 
E-mail: elivo@u g .gov 

Geophy ics: 
Karl Ellef en 
Phone: 303-236-7032 
E-mail: ellef en @usg .gov 

Group Spatial Deci ion Support Sy tern: 
Richard Zirbe 
Phone: 303-202-4303 
E-mail: rjzirbe @usg .gov 

Mineral Resources: 
Dave Lind ey 
Phone: 303-236-6482 
E-mail: dlind ey@usg .gov 

Dan Knepper 
Phone: 303-236-1385 
E-mail: dknepper@u g .gov 

Mineral /Materials 
Dave Wilburn 
Phone: 303-236-8747 ext. 337 
E-mail: Wilburn@u gs.gov 
Water Re ource : 
Stan Rob on 
Phone: 303-236-4882 ext. 305 
E-mail: srob on@u g .gov 

For information on other USGS products 
and ervices call 1-800-USA-MAPS u e 
the EARTHFAX fax-on-demand y tern 
which is available 24 hour a day at 
703-648-4888, or vi it the general 
intere t publication Web ite at 
http://mapping.u g .gov/ 
www/products/mappub .html. 

Please visit the USGS home page at 
http://www.usg .gov/. 
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